Background. The role of hepatitis C virus (HCV) infection in thrombocytopenia (defined as a platelet count of !100,000 platelets/mL) is unknown. Our aim was to study the association between HCV infection and thrombocytopenia in a community where hepatitis B virus (HBV) and HCV infections are hyperendemic.
M A J O R A R T I C L E
Strong Association of Hepatitis C Virus (HCV) Infection and Thrombocytopenia: Implications from a Survey of a Community with Hyperendemic HCV Infection Thrombocytopenia is a common clinical problem that is discovered in daily laboratory testing and often leads to further examinations. The most well-known causes of thrombocytopenia are infectious diseases, such as HIV infection or viral infections in children [1, 2] . Hepatitis C virus (HCV) infection, a progressive liver disease, is the major cause of chronic liver disease in the world, but it is not listed as a cause of thrombo-cytopenia in textbooks or review articles [1, 2] . Recently, however, at least 3 studies have reported that HCV infection is associated with thrombocytopenia [3] [4] [5] , but they involved either hospital-based populations or had small sample sizes [3, 4] , or they might have confounded HCV infection with HIV infection [5] . To date, no community-based study has illustrated the distribution of thrombocytopenia and investigated its relationship to HCV infection or to HCV liver disease severity.
Our long-term clinical observation of a community with hyperendemic HCV and hepatitis B virus (HBV) infections led us to suspect that HCV infection might be strongly associated with thrombocytopenia. Therefore, this study aimed to elucidate this relationship in a community-based population comprising a wide spectrum of patients among whom liver disease due to HBV and HCV infection varied in severity.
METHODS
A-Lein Township in southern Taiwan's Kaohsiung County has a population of ∼30,000 people. The prevalence of antibody to HCV (anti-HCV) and hepatitis B virus surface antigen (HBsAg) among the adults in this community is 17% and 13%, respectively [6] . A-Lein Community Health Center is the only public clinic and health facility in this township. We have conducted mass screenings here for HBV and HCV infections since January 1996 because of the township's high hepatoma-associated mortality rate [6] . Subjects who tested positive for viral hepatitis were contacted annually to undergo abdominal sonography for detection of advanced liver diseases, including cirrhosis and hepatoma. Since 1996, a free adult preventive health examination for all individuals aged у40 years has been sponsored by Taiwan's National Health Insurance program, which claims a participation rate of at least 96% of Taiwan residents. Anyone у65 years old may undergo a free annual examination, and those aged 40-64 years may undergo a free examination every 3 years. Between April 1997 and July 2000, 1792 adult residents visited the A-Lein Community Health Center for this preventive examination. We had complete data on demographic information, health-related behavior, anthropometric characteristics, and confirmed results of HBsAg and anti-HCV screening for 1690 of these participants. All of the participants were HIV negative; there have been no reports of HIV-positive residents in this township. In addition, none of the participants were receiving antiviral therapy. This study was approved by the research committee of the Kaohsiung County Bureau of Health (Taiwan).
The preventive health examination included a questionnaire requesting information about demographic characteristics (age and sex), health-related behavior (cigarette smoking and alcohol consumption), and anthropometric characteristics (height and weight). Trained nurses in the A-Lein Community Health Center administered the questionnaire. All participants provided informed consent. Each participant wore only underwear and no shoes when weighed, and body mass index (BMI) was computed on the basis of that weight. The BMI obesity cutoff value was 25 (i.e., !25 vs. у25). Blood was drawn for biochemical laboratory analysis, and automated blood measurements (RBC count, hemoglobin level, mean corpuscular volume, WBC count, and platelet count) were performed by use of Cell-Dyn 1700 (Abbott Diagnostics), which shows a normal platelet count, ranging from 140,000 to 400,000 platelets/mL. Thrombocytopenia was defined as a platelet count of !100,000 platelets/mL in the current study. The alanine aminotransferase (ALT) level was analyzed by use of ENI Gemstar II (Alfa Wassermann). Testing for HBsAg and anti-HCV was performed at the Tainan Blood Center of the Chinese Blood Service Foundation. HBsAg positivity was determined by an HBsAg enzyme immunoassay (EIA) (version 1; Murex). Anti-HCV positivity was determined by a third-generation anti-HCV EIA (Murex), which contains antigen from the HCV core (i.e., nonstructural 3 [NS3], NS4, and NS5) regions. In the present study, HBsAg positivity was defined as the presence of HBsAg and the absence of anti-HCV, anti-HCV positivity was defined as the absence of HBsAg and the presence of anti-HCV, coinfection was defined as the presence of HBsAg and anti-HCV, and seronegativity was defined as the absence of HBsAg and anti-HCV.
Abdominal ultrasonography was performed on viral hepatitis-positive subjects by a single experienced radiologist (W.J.Y.) specially trained in ultrasonography and unaware of the clinical data. A commercially available, real-time ultrasonograph (Tosbee; Toshiba) equipped with a 3.5-MHz convex transducer was used. The severity of chronic liver disease was graded as normal, fatty liver, chronic hepatitis, liver cirrhosis, or hepatoma, according to ultrasonographic morphological parameters described elsewhere [7] [8] [9] .
Student's t test was used to compare the mean of the platelet count with demographic data, health-related behavior, and viral hepatitis status. ORs and associated 95% CIs were used in univariate analysis to describe the association between thrombocytopenia status and baseline factors. Multiple logistic regression was used to identify independent risk factors for thrombocytopenia. The data were analyzed with Stata software [10] . Statistical significance was set at . P ! .05
RESULTS
Mean platelet counts and prevalence of thrombocytopenia at baseline. In the present study, 70.0% of the subjects were seronegative, 17.4% were anti-HCV positive, 9.2% were HBsAg negative, and 3.4% were coinfected. The mean platelet counts, which were rounded off, for anti-HCV-positive subjects (180,000 platelets/mL), coinfected subjects (179,000 platelets/ mL), and subjects with an ALT level of у40 U/L (191,000 platelets/mL) were lower than those for the total study population (220,000 platelets/mL) ( ). The prevalence of a platelet P ! .001 count of !100,000 platelets/mL was 3.0% (51 of 1690 subjects) among the total study population, 1.2% among seronegative subjects, 1.9% among HBsAg-positive subjects, 5.2% among coinfected subjects, and 10.2% among anti-HCV-positive subjects. Univariate analysis revealed that participants with a platelet count of !100,000 platelets/mL were more likely than those with a platelet count of у100,000 platelets/mL to be у65 years old (OR, 4.3; 95% CI, 2.0-10.7), to have an ALT level of у40 U/L (OR, 3.3; 95% CI, 1.8-6.1), and to have anti-HCV (OR, 8.8; 95% CI, 4.5-17.9) ( ) (table 1) . Sex, BMI (data not P ! .05 shown), habitual smoking, and habitual alcohol consumption were not significantly associated with thrombocytopenia.
Comparison of baseline data between seropositive and seronegative participants. A comparison of the anti-HCV-positive participants with the seronegative participants showed that the anti-HCV participants had higher ALT levels (OR, 5.1; 95% CI, 3.8-6.8), but there were no significant differences with respect to age, sex, BMI, habitual smoking, or habitual alcohol consumption. A comparison of HBsAg-positive participants with seronegative participants showed that more HBsAg-positive participants were in the 40-46-year-old age group, had higher ALT levels (OR, 1.8; 95% CI, 1.1-2.7), and were habitual smokers (OR, 1.9; 95% CI, 1.2-2.9) (table 2).
Comparison of baseline data of anti-HCV-positive participants to determine thrombocytopenia risk. Univariate analysis of baseline data for the anti-HCV-positive participants revealed that those who were у65 years old (OR, 3.1; 95% CI, 1.2-9.5) or had an ALT level of у40 U/L (OR, 2.2; 95% CI, 1.0-5.4) were more likely to have thrombocytopenia. There were no significant differences with respect to sex, BMI, habitual smoking, or habitual alcohol consumption (table 3) .
Multiple logistic regression analysis to determine thrombocytopenia risk. After stratification by demographic data, hepatitis status, and health-related behavior in backward elimination from a multiple logistic regression analysis, anti-HCV positivity was revealed to be most strongly associated with thrombocytopenia (OR, 6.0; 95% CI, 3.2-11.2). ALT levels of у40 U/L (OR, 2.1; 95% CI, 1.1-3.9) and older age (у65 years; OR, 4.3; 95% CI, 2.0-9.5) were also strongly associated with thrombocytopenia (table 4) .
Prevalence of thrombocytopenia, according to abdominal sonography-determined liver disease severity, among viral hepatitis-positive subjects. Of the 507 seropositive participants, 468 (92.3%) had been checked with abdominal sonography. The prevalence of thrombocytopenia among subjects with anti-HCV increased from 2.3% among those with sonographic evidence of a normal liver (3 of 128 subjects) to 5.1% among those with a fatty liver (3 of 59), 20.3% among those with chronic hepatitis (12 of 59), and 31.8% among those with advanced liver disease (including liver cirrhosis and hepatoma; 7 of 22). The prevalence of thrombocytopenia among HBsAgpositive participants with sonographic evidence of either a normal liver, a fatty liver, and chronic hepatitis was 0%, compared with 33.3% among those with advanced liver disease (3 of 9 participants). The prevalence of thrombocytopenia among anti-HCV-positive participants with chronic hepatitis or advanced liver disease was also much higher than among those with a normal or fatty liver (OR, 9.2; 95% CI, 3.3-29.3). Both HBsAgpositive and anti-HCV-positive participants with advanced liver disease were associated with almost the same prevalence of thrombocytopenia ( ) ( figure 1 ).
DISCUSSION
This study in a community with hyperendemic HBV and HCV infection shows that HCV infection, but not HBV infection, is strongly associated with thrombocytopenia. Participants with HCV infection had a lower mean platelet count than did seronegative and HBsAg-positive participants. Moreover, thrombocytopenia is also highly associated with older age, elevated ALT levels, and abdominal sonography-determined liver disease severity.
The association between HCV infection and thrombocytopenia is unclear [11] , but hepatic fibrosis might be central to it [12] . In the current study, the prevalence of thrombocytopenia increased remarkably along with liver disease severity among participants with HCV infection; the prevalence was ∼9 times higher among subjects with chronic hepatitis, cirrhosis, or hepatoma than among those with a normal or fatty liver. Even in participants with HBV infection, thrombocytopenia was found only in those with cirrhosis and hepatoma. In addition, the liver is the main site for the production of thrombopoietin, the dominant cytokine for controlling the development of megakaryocyte and platelet production [1, 2, 13] .
Thrombopoietin levels and platelet counts are highly correlated with liver-function impairment and the severity of hepatic fibrosis in chronic HCV infection [12, 14] . Other studies have shown increasing thrombopoietin levels and platelet counts after IFN therapy in patients with HCV infection [15] or who have undergone liver transplantation [16, 17] . This indicates that thrombocytopenia in persons with HCV infection might be strongly associated with disease activity and long-term progression. In the current study, 2.3% of the anti-HCV-positive participants with normal liver sonographic findings, 5.1% of those with a fatty liver, and 20.3% of those with chronic hepatitis also had thrombocytopenia. Whether patients with thrombocytopenia need more-aggressive antiviral treatment to prevent progression to cirrhosis and hepatoma than do those with normal platelet counts merits further study. It is also potentially difficult to decide whether to administer IFN therapy to individuals with a very low platelet count.
Serum ALT levels are well-known indicators of hepatocellular damage [18] . In the current study, an elevated serum ALT level was strongly associated with thrombocytopenia, even after adjusting for HBsAg positivity, anti-HCV positivity, and other risk factors. This indicates that thrombocytopenia might be highly correlated with hepatocellular damage. Therefore, it is reasonable to check the liver condition of patients with thrombocytopenia to determine whether they have viral hepatitis or other liver-associated diseases. In the current study, elevated serum ALT levels were at least 5 times more prevalent among Table 3 . Comparison of baseline data for 294 patients with (platelet count, !100,000 platelets/mL) and without (platelet count, у100,000 platelets/mL) thrombocytopenia who tested positive for antibody to hepatitis C virus. NOTE. Backward elimination was performed for sex, body mass index, habitual smoking, and habitual alcohol consumption in the multivariate logistic regression analysis. ALT, alanine aminotransferase; anti-HCV, antibody to HCV; HBsAg, HBV surface antigen.
individuals with HCV infection than among those who were seronegative but were only 1.8 times more prevalent among those with HBV infection. Elevated ALT levels are good predictors of fibrosis progression in chronic HCV infection [19] [20] [21] . This indicates that individuals with HCV infection might have more hepatic inflammation and might be more likely to progress to advanced liver disease than those with HBV infection. Whether decreasing ALT levels in persons with thrombocytopenia will increase platelet counts and delay or prevent the progression of liver disease needs further study.
Our study also suggests that older persons (у65 years of age) are 4 times more likely than persons in other age groups to have thrombocytopenia. Among anti-HCV-positive individuals, older persons were 3 times more likely than persons in other age groups to have thrombocytopenia. This might be related to poor compensation for platelet production [2] , especially in individuals with severe liver disease. Another possibility might be that older individuals in an area of HCV and/ or HBV hyperendemicity have been infected with HCV and/ or HBV longer and, therefore, are more likely to have significant liver impairment. The prevalence of thrombocytopenia in older persons with HCV infection was 6.6 times greater than that among older persons without HCV infection. Because most older individuals with anti-HCV and thrombocytopenia are asymptomatic, it would be better to check the status of HCV infection and to determine platelet counts for patients who are from communities of hyperendemicity or who are in high-risk groups before prescribing drugs that will have a tendency to induce hemorrhage or before performing invasive or surgical procedures.
The present study had some limitations. First, we did not examine drug-induced thrombocytopenia or autoimmune thrombocytopenia, both of which are very rare [2, 22, 23] . Second, we did not conduct PCR for detection of HCV RNA to elucidate the relationship between the actual viral status or past infection, because 10%-15% of anti-HCV-positive participants have resolved infections, and their infections do not progress to chronic liver disease [24] . The strength of the association between HCV infection and thrombocytopenia would have increased after removing participants from the study who tested positive for anti-HCV and negative for HCV RNA. Third, the severity of liver disease was classified by sonographic findings but was not confirmed by liver biopsy results. To perform such a procedure in a community-wide study was not possible because of ethical issues, risk of complications, and cost. Sonography can provide a noninvasive prediction of liver histological findings that has a high sensitivity (89%-100%) and specificity (89%-93%) [7] , is a feasible practice in the community, and is appropriate for the screening and follow-up observation of patients with chronic liver disease or hepatic fibrosis [7] [8] [9] .
In conclusion, this study of a community in which HBV and HCV infection is hyperendemic demonstrated that HCV infection is strongly associated with thrombocytopenia and that thrombocytopenia is also strongly associated with hepatocellular damage and hepatic fibrosis. This means that it is advisable to further check the hepatic condition, especially for HCV infection, in patients with thrombocytopenia. Whether thrombocytopenia is a good indicator for predicting the progression of viral hepatitis needs further study.
